We describe the expression pattern of cSix4, a chick homologue of the murine Six4/AREC3 gene. cSix4 transcripts are detected at gastrula stages in the blastoderm surrounding the developing axial midline. As the neural plate begins to form cSix4 mRNA is detected in a crescentshaped band, which surrounds the anterior developing neural plate and corresponds to the presumptive placode region. This expression is maintained in all the placodes (olfactory, optic, neural and otic) as they develop but with different characteristics. Further, abundant expression of cSix4 was localised to the paraxial mesoderm and the entire developing somites, becoming restricted ®rst to their dorsal portion, then to the dermomyotome and ®nally to the myotome. cSix4 expression is maintained in the developing and adult muscular tissue. Additional sites of cSix4 expression are the presumptive and developing limb buds, the notochord, trigeminal ganglia, cells of the spinal cord, particularly the motor neurones, the dorsal root ganglia, the neural retina, as well as the epithelial component of the developing kidney. q
Results and discussion
Six4 belongs to the so/Six gene family, which is composed of genes coding for a highly diverged type of nuclear homeoprotein. In addition to the homeobox domain, all members of the so/Six family of proteins contain a characteristic highly conserved region, the Six domain (Oliver et al., 1995b; Kawakami et al., 1996a,b) . These genes were ®rst identi®ed because of their similarity in sequence to the Drosophila sine oculis (so), a gene that is fundamental for the proper development of the visual system of the¯y (Cheyette et al., 1994; Serikaku and O'Tousa, 1994) . However, while the Drosophila so is expressed predominantly in the visual system, its vertebrate homologues are found in a variety of different regions of the developing embryo (Boucher et al., 1995; Oliver et al., 1995a,b; Kawakami et al., 1996a,b; Bovolenta et al., 1998; Seo et al., 1998a,b) . In particular, Six4 is expressed in adult muscle tissue (Kawakami et al., 1996a) , but little information is available on its expression pattern during early stages of vertebrate development (Niiya et al., 1998; Ohto et al., 1998) . We have previously reported the partial cloning of the cSix4 (Bovolenta et al., 1996) . cSix4 encodes a protein in which the homeo-and the Six domain are 98% and 95% identical to that of the murine Six4/AREC3 gene ( Kawakami et al., 1996a) . Here, we report a detailed analysis of its expression pattern at early stages of chick embryo development.
In situ hybridisation analysis showed that cSix4 is expressed at gastrula stages (being stage 4, according to Hamburger and Hamilton (1951) , the earliest stage analysed) in the blastoderm surrounding the developing axial midline (Fig. 1A) . As neural plate begins to form at HH6, cSix4 expression is concentrated in a crescent-shaped band, which surrounds the developing anterior neural plate (Fig. 1B) . This anterior ectodermal expression is maintained as the neural plate folds and then closes between HH7 and HH9 (Figs. 1C, D and 2A) . This territory of cSix4 expression corresponds to the presumptive placode region, i.e. to the ectoderm thought to originate all olfactory, optic, neural and otic placodes (Jacobson, 1963; Torres and Giraldez, 1998) . cSix4 transcripts were detected in each one of these placodes as they acquire their identity. Thus, cSix4 is present in the ectoderm overlaying the newly formed optic vesicle at HH10-11, in the thickness of the lens placode at HH13 and in the lens vesicle of the optic cup at HH18 (Fig. 1P±  R) . At these stages, cSix4 has only low level of expression in the optic vesicles. Further, it disappears from the lens vesicle, as this begins to differentiate. High levels of cSix4 expression were detected throughout the entire thickness of the otic placode, as soon as it becomes visible at HH11-12 (Fig. 1E ,F,M,N). However, when the otic vesicle begins to invaginate forming the otocyst at HH14, cSix4 expression became con®ned to the ventro-lateral, anterior aspect of the otocyst (Fig. 1K ,L,O), from which the cochlear sensory epithelium, the utricle and saccular structures all originate (Thomas et al., 1978) . cSix4 is also expressed in the olfactory placodes as they differentiate into the olfactory pits (Fig. 1H,I and inset in I) and in the neural placodes as they generate the branchial arches (Fig. 1G±I ). Additional sites of expression were the trigeminal ganglia (Fig. 1I,J) , the presumptive and developing limb bud tissues (Fig. 1G±  I) , as well as the prechordal plate and the notochord (Figs. 1E and 2E) . Low levels of expression were observed in the notochord at later stages of development (Fig. 2) .
The main site of cSix4 expression was the paraxial mesoderm and the developing somites (Fig. 1D±I ). As shown in details in Fig. 2 , cSix4 is expressed in both the ectoderm and mesoderm that surround the anterior portion of the neural tube (A,B). At caudal levels, cSix4 mRNA was localised to the entire ectoderm of the condensing somites as well as in the segmental plate (Fig. 2C,D) . In addition, cSix4 transcripts were detected in each one of the somites as they differentiated. Expression was ®rst restricted to the dorsal portion of the somite (Fig. 2E,F) , then to the dermomyotome (Fig. 2G) , to become ®nally limited to the myotome (Fig.  2H ). cSix4 expression is maintained in developing (Fig. 2I ), differentiating and adult muscular tissue, as determined by RT-PCR ampli®cation (data not shown). As organogenesis begins, cSix4 mRNA was detected in several additional locations. Thus, cSix4 is strongly expressed in the neurones of the spinal cord, particularly in motor neurones, in the dorsal root ganglia, as well as in the epithelial component of the developing kidney (Fig. 2J) . While only low levels of cSix4 transcripts were detected at early stages of eye formation in the neural structures of the eye, a clear signal was observed in the neural retina of HH32 embryos, with a higher level of expression in the retinal ganglion cell layer (Fig. 2K) . These data are in agreement with those reported by Niiya et al., (1998) for the mouse retina.
Methods

Isolation of cSix4 cDNAs
A cSix4 probe was generated by PCR ampli®cation, using degenerate primers based on the sequence of the so gene (Cheyette et al., 1994 ; upstream primer corresponded to aa 217±225; reverse complementary to aa 263±276). The probe was used to screen an E2 chick cDNA library, from which was pulled out a cDNA insert, corresponding to the partial coding sequence of a gene related to the Drosophila so and the mouse Six4/AREC3 genes (Cheyette et al., 1994; Kawakami et al., 1996a) . Accordingly, we named this gene cSix4 (Bovolenta et al., 1996) . The nucleotide sequence data of cSix4 appears in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession number: AJ133778.
In situ hybridization
A 1.5 kb EcoRI fragment of the cSix4 cDNA, cloned in pGem3, was transcribed to generate digoxigenin labelled antisense and sense probes. Whole-mount in situ hybridisation was performed following the procedure of Henrique et al. (1995) . Hybridisations were carried out at 658C in 50% formamide. Post-hybridisation washes were performed at the same temperature and in the same buffer. Only embryos staged between HH4-HH23, according to Hamburger and Hamilton (1951) , were hybridised in toto. After hybridisation, embryos were photographed, cryo-protected and cryostat sectioned at 35 mm thick in the transversal plane. Alternatively, embryos were embedded in gelatine and sectioned with a vibratome (Leica) at 50 mm of thickness. In some cases, embryos were dehydrated embedded in Paraplast and sectioned in a microtome (Leica) at 15 mm. For old embryos (HH 23±39), hybridisations were carried out on tissue sections as previously described (Bovolenta et al., 1997) . Brie¯y, embryos were ®xed in 4% paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.3) at 48C between 3 h and overnight, depending on the size of the embryos, and then cryo-protected by immersion in 30% sucrose solution in PB. Cryostat sections 12±16 mm thick were mounted on 2% 3-aminopropyltriethoxy-silane coated slides, air dried Fig. 1 . Expression pattern of cSix4 at early stages of chick embryo development and detailed analysis of the placodal expression. Whole mount in situ hybridisation of embryos at different developmental stages. Stages, according to Hamburger and Hamilton (1951) , are indicated in each panel. Embryos are viewed dorsally (A±D, and E, top), ventrally (E, bottom) and laterally (F±I). Arrows in (B,C) indicate expression of cSix4 in the ectoderm surrounding the anterior neural plate. Arrows in (D) indicates staining in the somites and paraxial mesoderm; while those in (E) point to expression in prechordal mesoderm, the notochord and the otic vesicle. In (F±I), arrows indicate the localisation of cSix4 transcripts to the branchial arches; arrowheads to the olfactory placodes (viewed in a section in the inset in I), thick arrows to the otic vesicles and open arrows to the presumptive and developing limb buds. Expression in the trigeminal ganglia is indicated in (I) and shown in a transverse paraf®n section through the rhombencephalon in (J). High magni®cation views (K,L) and vibratome (M,N,R) or paraf®n (O,P,Q) sections of the developing otic and optic vesicles. Note how the expression of cSix4 becomes restricted to the ventrolateral anterior portion of the otocyst (thick arrows in K,L). Note the expression of cSix4 in the ectoderm overlying the optic vesicle (P), in the lens placode (Q) and in the lens vesicle (R). Unwashed coloured reaction product gives background staining in the surrounding of the eye and forebrain regions of embryos in (E±I). a, anterior; d, dorsal; hn, Hensen's node; lp, lens placode; lv, lens vesicle; not, notochord; nt, neural tube; olp, olfactory placode; otp, otic placode; otv, otic vesicle; ov, optic vesicle; p, posterior; pcp, prechordal plate; pm, paraxial mesoderm; pnr, presumptive neural retina; ppe, presumptive pigment epithelium; rho, rhombencephalon; so, somite; tgg, trigeminal ganglia; v, ventral. and permeabilised with proteinase K (10 mg/ml in PB-saline containing 0.1% Tween for 5±10 min at room temperature. Sections were then ®xed in 4% paraformaldehyde in PB, pre-hybridised for 1 h at 658C in 50% formamide and incubated with probes for 16 h at 658C. . Note how cSix4 transcripts become localised to the dorsal portion of the somite (E,F), the dermomyotome (G) and myotome (H), as the somites differentiate. Note how at later stages cSix4 is found in skeletal musculature (I), in spinal cord neurones, particularly in motor neurones (J), in the dorsal root ganglia (J), in the developing kidney (arrows in J), and in cells of the neural retina (I). Background staining was at time observed in the trunk surface ectoderm. an, anterior neural plate; dm, dermatome; drg, dorsal root ganglia; dso, dorsal somite; hm, head mesenchyme; inl, inner nuclear layer; mm, muscle mass; mn, motor neurones; my, myotome; not, notochord; nt, neural tube; pe, pigment epithelium; rgc, retinal ganglion cell; sc, sclerotome; so, somite; spl, segmental plate level; vso, ventral somite.
